Sodium vapor deposition on annular walls of reactor components such as rotating shield plug and control rod drive mchanism sometimes interferes with the reliability of LMFBRs. One solution to prevent the deposition is restricting the vapor and/or sodium mist transfer due to cover gas natural convections (1) . Despite efforts to develop more reliable components in many stites, quantitative evaluation of the deposition process has not yet been demonstrated.
The previous study (2) suggested that the vapor deposition was caused by the mist deposition rather than by the vapor condensation directly from pool surface to wall. The evaporation from pool surface was shown to be the rate controlling process in the deposition phenomenon.
These results could well be explained when we imagine the mist formation band (i.e, nucleation band) in the thermal boundary layer at just above pool surface.
In a space much closer to the surface than this band, the vapor may evaporate continuously according to the vapor density gradient between the surface and the band.
The evaporated vapor may condense and form the mist quickly at tion on the role of cover gas natural convection will be presented as well as estimated gas flow patterns. Experimental data used for these studies were those from the previous work.
In the previous work, the deposition rate on each annulus has also been determined in some runs. Effects of geometry and temperature of the annulus will be evaluated by using of these rates and measured temperaturs.
II. EXPERIMENTAL METHOD, PROCEDURES AND TEST ASSEMBLIES
Since the sodium loop and the experimental procedures have already been explained in the previous paper (2) , only the test assemblies will be explained herein. In order to evaluate effect of the vapor condensation to the deposition rate on annular wall in semi-quantitatively, a computer code was developed.
The following assumptions were introduced to the code :
(1) Gas flow within annulus is axisymetric and is independent from cover gas flows over sodium pool.
(2) The vapor condenses according to the 'concentration gradient near annular wall. (3) The vapor is saturated everywhere within annulus.
With these assumptions, time-dependent basic equations, i. e., Eqs.
( 1 )~( 5 ), which were expressed in the form of non-dimensional numbers of R, Z, U, V etc. were solved. Velocity equation U=(1/R)(dp/dR), V= -(1/R)(dp/dZ) ,
Steam function equation (2) Vorticity equation
Energy conservation equation (4) Vapor transport equation ( 5 ) where Gg=gb=(Ti-To)L3/n2,Pg=n/k,k=lCpr• For Eqs.( 1 )~( 5 ), up-wind approximation was applied to yield non-linear space derivatives such as a(Re)/aR, and finite-difference approximation was applied to yield linear derivatives.
The former approximation have already been applied to numerical studies of gas natural convection heat transfer problems(5) (6) , and good agreement between numerical and experimental results have been obtained by Abe et al (6) . Equations ( 1 ) 
In Eq. (7), (mi-m0)/L is in order to give mass flux q in the form of (g/cm2s), because both W and R are non-dimensional numbers. Figures 3 and 4 , respectively, show the distributions of calculated non-dimensional vapor fraction W and steam function 0 within 17.8 mm width annulus of Test Assembly B. The temperature boundary conditions of f(Z) and g(Z) used for Eq . ( 6 ) were those obtained from the experimental temperature data. It is seen in Fig . 4 that gas is circulating around the annulus. Although W changes steeply at the gap inlet, as seen in Fig. 3 , it changes gradually within the annulus. Values of W are seen to be between those of the inner and the outer wall surfaces at same longitudinal elevation. Figure 5 shows comparison of the experimental deposition rates and the present numerical condensation rates along the annular wall. The numerical results are seen to be two orders of magnitude smaller than the experimental ones. Although, it was assumed in the present calculation that the flow was axisymetric two-dimensional, however, the experimental and numerical results may not become to the same order even if we assumed that the flow was three-dimensional within the annulus. According to the measured wall and gas temperatures from Test Assembly B's annuli, in which three-dimensional flow was generated as will be discussed later , wall temperatures were between 120 to 300dc, while hot gas temperatures at same elevations were 20 to 60dc higher than these, as will be shown in Fig. 7 . From Eq. ( 7 ), these temperature data allow to give the maximum q of the order of 10-8 g/cm2 s at inlet of the annulus. This rate is the same order of the magnitude with the experimental deposition rates shown in Fig. 5 . However, the rate drop steeply as the distance l from the gap inlet increases (i. e. as the wall temperature decreases), and approach to the numerical results shown in Fig. 5 , which are far smaller than the experimental ones. As to the possibility of the vapor super-saturation within the annulus, it will be shown in the next paper that there is not such possibility.
In conclusion, the deposition rates presented can not be explained only by the vapor condensation.
It should be explained by the mist deposition. Two different types of the deposition rate distributions were found with Test Assemblies B and C. One was having the maximum peak at middle or near top of the annulus, while another one was of exponentially decreasing from gas inlet toward the top . The most representative distributions of these two types are shown in Fig. 6 . These distribution may be closely related to gas flow patter within the annulus.
Although flow and heat-mass transfer study for rotating shield plug simulated annulus with larger longitudinal temperature drop are limited, works by Mejan") and Drut et al. (4) showed that flow and average Nusselt number of the annulus depend upon Ra, which is given by Ra -=Gg(e)Pg(e/L). (8) They showed that flow changed from axisymetric two-dimensional one to threedimensional circumferential one at Ra> 100~200, when the annulus was closed at its bottom. To estimate such flow pattern within the present annulus, wall and gas temperatures at each longitudinal cross section of Test Assemblies B and C were investigated.
Locations of the thermocouples were 0.0, 150, 350 and 530 mm from bottom end of the annulus. Figures 7(a),(b) show the most representative temperature data which were obtained at pool temperature 400 and 480dc, respectively.
The wall and gas temperatures plotted in these figures were obtained from thermocouples which were located at two different opposit places in circumference across circular cylinder (i. e. angles at 0 and at 180d) at each longitudinal elevation. Although the wall temperatures shown in Fig . 7(a) ,(b) at the same longitudinal elevations are not different at opposit locations in circumference , the gas temperatures deviate widely from 20 to 60dc. The deviations are especially large in the wider ann uli having such width as 34.6 and 40.6 mm. In these temperature data, gas temperature measurement errors due to thermal radiation from pool surface could be regarded to be very small. This is because, according to the unpublished French works, emissivity of As to the average deposition rate dependent upon Ra, the results shown in Fig. 8 were obtained from Test Assemblies B and C. In the figure, the generalized deposition rate G is taken in vertical axis, while Ra is taken in horizontal axis. Here, G is defined by
G=pd,e(e/pe). ( 9 ) The G defined by this equation is similar to Sherwood number of annulus. But, in the present experiment, Sherwood number could not be derived due to lack of informations on the mist concentration and the mist diffusion coefficient. Accord- ing to the previous findings(2) the deposition rate was proportional to evaporation rate ybe from pool surface. So, pe was used in Eq. ( 9 ) instead of the concentration to eliminate pool temperature effect upon the deposition rate. The effect of the mist diffusion coefficient was ignored in Eq. ( 9 ). In the actual G-value calcuation by using Od data from Eq. ( 9 ), pe data by Kumada et al. (8) were used. Their data were very close to those in the present system, as will be presented in the next paper.
In Fig. 8 , G obtained from the deposition rates whose local distribution were irregular, as shown in Fig. 6(a) , are shown by hexagons, while those obtained from the deposition rates whose local distribution were of exponentially, as shown in Fig. 6(b) , are shown by circles. It is seen in Fig. 8 that G denoted by hexagons scatter a little widely, while those by circles give the larger values. The former scattering was mainly caused by the errors when the deposits were recovered from the annular walls. Despite the scattering, it is seen that G dependents upon Ra in the range of 100<Ra<2,000. Below and above this range, G becomes almost constant.
This G dependent upon Ra may be closely related to that of three-dimensional gas flow current intensity upon Ra. In conclusion, gas flows within the present annuli were three-dimensional, and the deposition rate on the annular walls depended upon Ra at 100<Ra<2,000.
V.
VISAUL OBSERVATIONS OF DEPOSITS DISTRIBUTION Photographs 1 and 2 show the most representative photos of the deposits over the inner surface of Test Assembly D at Ra of 36 and 1.6, respectively.
White parts of the surface seen in these photos are the deposits which partially changed to sodium oxide due to air contamintation.
The dark surfaces are the stainless steel surfaces of the cyclinders with no deposits.
The deposits distributions seen in Photos. Very high local deposition rates at middle or near top of the annulus, which were frequently observed, may be generated by such three-dimensional mist transfer flows. In the actual reactor, since Ra of rotating shield plug annulus ranges 300400, the similar three-dimensional flows may also be generated, thus high local deposition rates may be appeared near top of the annulus.
V. CONCLUSIONS
The experimental study was made to investigate role of cover gas natural convection on local and average deposition rates on rotating shield plug simulated annulus. Numerical study was also made to demonstrate that the deposition phenomenon was caused by the mist transfer.
These results are summarized as follows :
(1) The numerical study for saturated vapor condensation rates along annular wall of the present test assembly revealed that the deposition is not controlled by the vapor condensation but by the mist deposition.
(2) The generalized average deposition rate G, in which effect of pool temperature on the deposition rate was eliminated, was shown to be dependent upon Ra of annulus, which was given by Ra=Gg(e)Pg(e/L) Here, G was defined by
G=pd,e(e/pe).
When Ra was between 100 to 2,000, G increased with Ra. But, beyond or below this Ra range, G became almost constant. (3) Formation of three-dimensional gas flows within annulus was shown both by the visual observations of the deposits on all around the annular walls and by gas temperature measurements of the annuli. The large local deposition rates which were frequenty observed near top of the annulus, were attributed to those three-dimensional flows. These flows probably carried the mist up to top of the annulus.
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